Objective: The aim of this study was to investigate the risk and recurrence of early invasive adenocarcinoma of the cervix, and to determine whether non-radical methods of management could be performed.
INTRODUCTION
The increasing incidence of adenocarcinoma of the cervix in the world, especially amongst young women, makes discussion of non-radical methods of management for early invasive adenocarcinoma of the cervix highly relevant. However, the optimal treatment for this cancer has not yet been established because of the poor understanding of its natural history, histopathological criteria, and morphology, as well as discordances in measurements of stromal invasion. Therefore, treatment usually consists of radical hysterectomy [1] [2] [3] . Recently, studies have reported no differences in survival among properly selected cases of early invasive adenocarcinoma of the cervix managed using radical hysterectomy [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] or non-radical methods of management [6, 8, 14, 15] . Therefore, it is necessary to investigate prognostic factors for the application of optimal treatment.
In previous studies on early invasive adenocarcinoma of the cervix, the importance of the depth of stromal invasion was stressed [6, 7, 16] . Therefore, many studies evaluated FIGO stag- es IA1 and IA2 adenocarcinoma of the cervix and concluded non-radical methods of management may be considered suitable because of a good prognosis. However, the cases of adenocarcinoma of the cervix with stromal invasion depth of ≤5 mm and horizontal spread of >7 mm are seen occasionally. Therefore, this study included cases with a stromal depth invasion of ≤5 mm unrelated to the horizontal spread and discussed with respect to the suitability of non-radical methods of management and prognostic factors.
The associations between patient outcome and clinical parameters, including histopathological diagnosis, surgical procedure, depth of stromal invasion, horizontal spread, tumor volume, lymphovascular space invasion (LVSI), status of pelvic lymph node metastasis, and status of parametrial tissue invasion were assessed. We investigated the risk of metastasis and recurrence of early invasive adenocarcinoma of the cervix by analyzing clinicopathologic factors among retrospective cases at our institution, and aimed to determine whether these patients were suitable for non-radical methods of management.
MATERIALS AND METHODS
We examined the clinical records and histopathological specimens of 50 patients with adenocarcinoma of the cervix with a stromal invasion depth of ≤5 mm who had undergone surgical treatment. All patients were treated at the Department of Obstetrics and Gynecology, Keio University Hospital, Tokyo, Japan, between January 1993 and December 2005. Eight to 12 sections from cervical tissues were obtained for hematoxylin and eosin staining, depending on the size of each uterine cervix. Histology was classified using the criteria of the 2003 World Health Organization international histological classification for tumors of the uterine cervix. Patients with common histological subtypes, mucinous adenocarcinoma of the endocervical type, endometrioid adenocarcinoma, or adenosquamous carcinoma were included in the analysis, while those with rare types, such as clear cell carcinoma, were excluded. We evaluated tumor histology, depth of stromal invasion, horizontal spread of the tumor, tumor volume, presence/ absence of LVSI, presence/absence of metastasis to the pelvic lymph nodes or adnexa, presence/absence of parametrial tissue invasion, treatment, and outcome. We also examined the association between the margin status of conization and the presence of residual tumor in subsequently obtained hysterectomy specimens from 13 cases in whom conization was performed preoperatively. If conization had been performed preoperatively and the surgical margin was positive for tumor cells, the maximum depth of stromal invasion and the horizontal spread were re-estimated using the whole resected specimen obtained by both conization and subsequent hysterectomy.
The depth of stromal invasion was measured from the base of the surface epithelium to the deepest detectable malignant cells using an ocular micrometer [10] . The volumes were estimated from the section with the largest tumor surface area by multiplying three dimensions: depth of stromal invasion, horizontal spread, and the third dimension. The third dimension was calculated using the Burghardt method, as 1.5 times the largest measured depth of stromal invasion or horizontal spread ( Fig. 1 ) [16] . LVSI was defined by the unequivocal presence of malignant cells in endothelium-lined spaces in the hysterectomy specimens or conization specimens. All clinical patient information was obtained from medical records.
The statistical differences between the presence of pelvic lymph node metastasis/the frequency of recurrence and tumor volume were determined using Fisher's exact test, as were the statistical differences between the presence of LVSI and that of pelvic lymph node metastasis. The statistical differences between the presence of pelvic lymph node metastasis and histopathological diagnosis/depth of stromal invasion/ horizontal spread/tumor volume were determined using Wilcoxon's signed rank test. Differences with a p-value of <0.05 were considered significant.
The literature regarding early invasive adenocarcinoma of the cervix was reviewed and compared with our study data [6] [7] [8] 10, [12] [13] [14] [17] [18] [19] [20] [21] [22] [23] [24] . 
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RESULTS
The mean age of the patients was 45 years, ranging from 26 to 87 years, and the median follow-up period was 64.3 months, ranging from 8.9 to 162.4 months. Neither recurrences nor deaths were recorded during the follow-up period. The histological subtypes included endocervical mucinous adenocarcinoma in 29 cases, endometrioid adenocarcinoma in seven cases, and adenosquamous carcinoma in 14 cases. All patients had undergone a hysterectomy (radical hysterectomy in 43 cases, and modified radical hysterectomy in seven cases). Only one patient (patient 1 in Table 1 ) received postoperative adjuvant radiotherapy.
Thirteen cases underwent conization preoperatively. All three cases with positive margins for invasive disease at the time of conization showed residual invasive disease at the time of the subsequent hysterectomy. None of the remaining 10 cases with a negative margin showed residual invasive disease in subsequently obtained surgical specimens.
In 33 cases, the depth of stromal invasion was ≤3 mm. In the remaining 17 cases, the depth of stromal invasion was >3 mm but ≤5 mm. The horizontal spread was ≤7 mm in 25 cases, >7 mm but ≤10 mm in 10 cases, and >10 mm in 15 cases. The horizontal spread of all four cases with positive for lymph node metastasis was >7 mm. Statistically significant differences were observed between the frequency of pelvic lymph node metastasis and horizontal spread (p=0.03). The median calculated tumor volume was 270 mm 3 , ranging from 0.75 mm 3 to 27,000 mm 3 . Thirty-three cases (66%) had tumor volumes of ≤500 mm 3 , and 17 cases (34%) had tumor volumes of >500 mm 3 . One of the 33 cases that had tumor volumes of ≤500 mm 3 , and three of the 17 cases with tumor volumes of >500 mm 3 were positive for lymph node metastasis. There was no difference in tumor volume between those positive for lymph node metastasis and those negative for lymph node metastasis (p=0.086). Comparison of the two groups was made by Wilcoxon's signed rank test. Statistically significant differences were not observed in this study, but when our data were combined with previously reported results [6] [7] [8] 12] , statistically significant differences were observed between tumor volume and frequency of pelvic lymph node metastasis (p<0.0001) and between tumor volume and rate of recurrence (p<0.0001), using a tumor volume of ≤500 mm 3 as a cut-off (Table 2) . LVSI was present in 11 cases, and three of these 11 cases were positive for pelvic lymph node metastasis. The frequency of pelvic lymph node metastasis was significantly higher in the LVSI-positive group than in the LVSInegative group (p=0.02) ( Table 3 ). In four of these 11 cases, the depth of stromal invasion was ≤3 mm and the horizontal 156 www.ejgo.org spread ranged from 11 mm to 35 mm. In seven of the 11 cases, the depth of stromal invasion was >3 mm but ≤5 mm, and the horizontal spread ranged from 7 mm to 13 mm. Bilateral adnexa had been removed in 35 cases, and unilateral adnexa had been removed in 11 cases at the time of hysterectomy. None of the cases had metastasis in the resected tissues, and none showed parametrial involvement. The clinicopathological features of cases of LVSI-negative adenocarcinoma of the cervix with a tumor volume ≤500 mm 3 were as follows. Thirty-one cases were LVSI-negative with a tumor volume ≤500 mm 3 . The median depth of stromal invasion was 3 mm, ranging from 0.5 to 5 mm. The median horizontal spread was 6 mm, ranging from 1 to 12 mm. The median tumor volume was 150 mm 3 , ranging from 0.75 to 432 mm 3 .
There were no cases that were positive for pelvic lymph node metastasis.
DISCUSSION
Identification of reliable and reproducible prognosis factors in carcinoma of the cervix, especially stage I, are important for customization of treatment for patients. Thus, certain clinical and pathological risk factors have been investigated. Previous studies have categorized depth of stromal invasion, large tumor diameter, and LVSI as independent risk factors because of their frequent association with increased lymph node metastases, recurrence, and poor survival. Among these three risk factors, depth of stromal invasion is the most critical [25] [26] [27] [28] [29] . Recently, several studies evaluated clinicopathologic features and follow-up of early invasive adenocarcinoma of the cervix for determining if the patients could undergo non-radical methods of management. Many studies evaluated FIGO stages IA1 and IA2 adenocarcinoma of the cervix and concluded non-radical methods of management might be considered suitable because of a good prognosis. However, the cases of adenocarcinoma of the cervix with stromal invasion depth of ≤5 mm and horizontal spread of >7 mm are seen occasionally. Thus, we analyzed patients with stromal invasion of ≤5 mm unrelated to the horizontal spread without macroscopic carcinoma for adaptation to non-radical methods of management. The clinicopathological features of cases of adenocarcinoma of the cervix with a stromal invasion depth of ≤5 mm and horizontal spread of >7 mm were as follows. Twenty-five cases had stromal invasion of ≤5 mm and horizontal spread of >7 mm. The median depth of stromal invasion was 3 mm, ranging from 0.5 to 5 mm. The median horizontal spread was 13 mm, ranging from 8 to 60 mm. The median tumor volume was 937 mm 3 , ranging from 96 to 27,000 mm 3 . LVSI was present in 10 cases, and four cases were positive for pelvic lymph node metastasis. Though the previous studies reported depth of stromal invasion as the most critical for evaluating lymph node metastasis or recurrence [25] [26] [27] [28] [29] , we aimed to investigate other prognostic factors of early invasive adenocarcinoma of the cervix, and to determine whether non-radical methods of management could be performed. Some researchers have reported that tumor volume may be a more reliable indicator for prognosis than depth of stromal invasion, and this parameter has been applied for the evaluation of patients with early invasive adenocarcinoma of the cervix [16] . Many studies have evaluated FIGO stages IA1 and IA2 adenocarcinoma of the cervix. However, only four papers [6] [7] [8] 12 ] compared tumor volume of early invasive adenocarcinoma of the cervix and lymph node metastasis or recurrence. Moreover, tumor volume was calculated using the Burghardt method in all four reports: depth×horizontal spread×1.5 the greater value for either depth or horizontal spread. Most of the previous studies used tumor volumes of 500 mm 3 as a cutoff for non-radical methods of management [6] [7] [8] 12] . Using tumor volume rather than depth of stromal invasion as the prognostic criterion, they concluded that conization or a simple hysterectomy may be appropriate in patients with a tumor volume of ≤500 mm 3 . Statistically significant differences were Lymph node metastasis was statistically significant in LVSI (p=0.02). LN (-), negative lymph node meta stasis; LN (+), positive lymph node metastasis; LVSI (-), negative lymphovascular space invasion; LVSI (+), positive lymphovascular space invasion.
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not observed in this current study, but when our data were combined with previously reported results [6] [7] [8] 12] , statistically significant differences were observed between tumor volume and frequency of pelvic lymph node metastasis (p<0.0001), and between tumor volume and rate of recurrence (p<0.0001), using a tumor volume of ≤500 mm 3 as a cut-off (Table 2 ).
These data suggest that the tumor volume may be a highly reliable prognostic factor for early invasive adenocarcinoma of the cervix. Our data demonstrated a statistically significant difference between LVSI and frequency of pelvic lymph node metastasis (p=0.02) ( Table 3 ). Patients that have LVSI-negative adenocarcinoma of the cervix with a stromal invasion depth of ≤5 mm might not require a pelvic lymph node dissection.
Fujii et al. [30] reported that innovative digital narrow band imaging colposcopy is useful for identifying early invasive adenocarcinoma of the cervix. Despite this, conization has the advantage of providing information regarding the extent of invasiveness, tumor volume, and LVSI. In patients suspected of having early invasive adenocarcinoma of the cervix, diagnostic conization to evaluate tumor volume and LVSI is preferential prior to non-radical methods of management in principle, unless the tumor is a macroscopic invasive adenocarcinoma.
In this study, none of the cases had ovarian metastases and parametrial involvement, supporting the results of previous studies [10, 13, 14, [18] [19] [20] [21] [22] [23] [24] . Accordingly, oophorectomy and resection of the parametrium can be avoided in cases with adenocarcinoma of the cervix with a depth of stromal invasion of ≤5 mm.
In summary, assessment of the depth of stromal invasion, tumor volume and LVSI are critical when selecting an appropriate therapeutic modality by diagnostic conization prior to treatment. An extrafascial hysterectomy with excision of the anterior leaf of the vesicouterine ligament, without lymph node dissection and oophorectomy, which we define as 'nonradical methods of management', are acceptable for patients with LVSI-negative cervical adenocarcinoma of the cervix exhibiting a depth of stromal invasion of ≤5 mm and a tumor volume of ≤500 mm 3 . A prospective study in a cohort of patients with early invasive adenocarcinoma of the cervix focusing on the pathological review and long-term patient followup is required to confirm the safety of non-radical methods of management.
